After the demonstration of 5-hydroxyindoleacetic acid (5-HIAA) (Ashcroft and Sharman, 1960) and homovanillic acid (HVA) (Anden et al., 1963) in human cerebrospinal fluid (CSF) , an increasing number of reports on the CSF levels of these acidic metabolites of monoamines has been appearing in the literature. In some of these studies ventricular fluid obtained during diagnostic or therapeutic surgery has been used. This work has provided useful information on the cerebral roles of the two amines as detected by significant variation from control levels of the concentrations of their respective metabolites in several diseases, mainly neurological (Ashcroft and Sharman, 1960; Guldberg et al., 1967; Anderson and Roos, 1969; Papeschi et al., 1972) . Information on the effects of drugs has also been obtained (Papeschi et al., 1972) .
In most studies, however, particularly those concerned with psychiatric patients, investiga- (Bulat and Zivcovic, 1971; Curzon et al., 1971 ; Garelis and Sourkes, 1973; Post et al., 1973; Weir et al., 1973 (Garelis and Sourkes, 1973) . After the evening meal patients did not have any food until the procedure had been completed on the following day (generally before noon). One-half to one hour before PEG was started preparatory medication was given. In most cases this consisted of codeine 60 mg, dimenhydrinate (Gravol) 50 mg, and diazepam (Valium) 10 mg, intramuscularly. Occasionally, sodium pentobarbitone (100 mg) was substituted for diazepam.
After the lumbar puncture had been performed, CSF pressure was recorded in the sitting position. For routine diagnostic purposes 3-4 ml of fluid were kept, then the first sample ('lumbar') for this study was collected. At this time, air was fractionally injected through the puncture needle, and CSF was collected through the needle. At the end of the procedure, when all the air had been injected, the second ('mixed') specimen was taken. Samples were rapidly frozen and kept at -20°C until analysed.
HVA and 5-HIAA were measured fluorimetrically in the same sample, as described by Papeschi and (2) non-use of medication known to affect monoamine metabolism-for example, sedatives, neuroleptics. The diagnoses in the control group included the following: headache, facial pain, hysterical neurosis, spastic hemiparesis, optic atrophy, arterial aneurysm, chromophobe adenoma.
RESULTS
HVA and 5-HIAA concentrations in the lumbar and mixed samples are shown in Table 1 along with clinical diagnoses.
Acid levels of the control group were significantly higher in the mixed than in the lumbar specimen. This was also true for all other subjects, with the exception of cases of brain-stem encephalopathy (BSE).
The epileptic patients had HVA concentrations in their CSF samples similar to control values. On the other hand, 5-HIAA was lower in both lumbar and mixed fluid than in the corresponding control samples; this difference reached statistical significance in the lumbar CSF (Table 1) . The data for the epileptic patients, including clinical information, are set out in Table 2 . No HVA could be detected in the lumbar CSF of the two siblings with Kufs disease. HVA was also low in the first sample of the patient with Niemann-Pick disease, but normal in the mixed one. One patient possibly suffering from Parkinsonism had normal concentrations of both acids. A schizophrenic subject had very high HVA and 5HIAA in the mixed CSF, but low 5-HIAA in the lumbar sample.
Correlation coefficients between pairs of the investigated variables were calculated and are shown in Table 3 . Concentrations of the acids were highly correlated in both the lumbar and the mixed specimens in the control group, but not in the patients with epilepsy or BSE. The correlation between the metabolite concentrations in the lumbar CSF of our controls was in close agreement with data obtained in healthy volunteers (Gottfries et al., 1971 ). There was a significant negative correlation between CSF pressure and lumbar HVA but not 5-HIAA.
Because of the gradient of concentrations of metabolites, higher values being found in the upper CSF compartments (Table 1 ; Garelis and Sourkes, 1973) , the amount of injected air or the total volume of withdrawn CSF might yield a positive correlation with the concentration of the metabolites in the mixed sample. However, the present data provided no basis for such correlations (Table 3) .
DISCUSSION
It has been suggested that the injection of air during PEG results in concentrations of metabolites that would reflect ventricular rather than lumbar levels (Moir et al., 1970) . This would be due to mixing of CSF of various compartments by the ascending air, and to disturbance of the normal gradient from the lateral ventricle through the cisterna magna to the lumbar level. Few investigations have taken advantage of PEG to study physiological or clinical relationships of monoamine metabolites. There is only one study directly comparing concentrations of 5-HIAA before and after the injection of air in three patients; the concentration of 5-HIAA in the mixed sample was approximately double the lumbar level . In two more reports from the same group, similar values for 5-HIAA were found in the mixed sample, but lumbar fluid was not taken (Ashcroft and Sharman, 1960; Ashcroft et al., 1966) .
In our control group, concentrations of 5-HIAA in both samples were higher than those reported by the Edinburgh investigators. The mixed/lumbar ratio for 5-HIAA however, was substantially smaller in our case. Several methodological differences might account for this discrepancy. The amount of air injected and the volume of CSF withdrawn were much greater in the present study. The injection of large amounts of air, much of which was directed to subarachnoid space outside the ventricles, coupled with the withdrawal of a large volume of CSF and the ensuing drastic changes in hydrostatic pressure would result in a downward current of fluid not only from the ventricles, but also from the subarachnoid space surrounding the brain. Concentrations of the metabolites in the latter space were not known, but might be relatively low, inasmuch as transport of the acids from the central nervous system is located mainly in the choroid plexuses Cserr and Van Dyke, 1971; Forn, 1972) . Thus, the mixing process affects compartments with different mean concentrations of the metabolites, and is itself affected by the volume of air injected and fluid displaced. The lack of significant correlation between these two variables on the one hand, and acid concentrations in the mixed samples on the other (Table 3) , was not surprising.
Another factor which could explain our failure to obtain the high concentrations of metabolites characteristic of the ventricular and cisternal compartments in the mixed samples was the effect of premedication. The patients in the study of Ashcroft et al. (1966) received only paracetamol orally, whereas all our patients had had heavy preparatory medication (see Methods section). Antihistamines (Coyle and Snyder, 1969) , barbiturates (Corrodi et al., 1966 (Corrodi et al., , 1967 , and benzodiazepines (Corrodi et al., 1967; Taylor and Laverty, 1969; Chase et al., 1970; Wise et al., 1972; Papeschi et al., 1972) are known to influence monoamine metabolism.
Pharmacologically induced changes in serotonin or dopamine metabolism are evident in the cisternal 5-HIAA (Andersson and Roos, 1968; Eccleston et al., 1968) and HVA (Pletscher et al., 1967) in about one hour, but much later in the lumbar fluid. The interval between injection of premedication and collection of the mixed sample in the present study was 1-1 5 hours and less than one hour for the lumbar specimen. Under these conditions, therefore, premedication would affect the mixed, but not the lumbar sample.
Moreover, a possible effect of these drugs on the transport mechanisms and local hydrostatic pressure cannot be excluded. It would be difficult to predict, from the available data, what the net effect of the drug combinations used in this study on the acid levels in CSF would be.
The somewhat sharper gradient for HVA than 5-HIAA on going from the mixed sample to the lumbar CSF (Table 1) could be accounted for by the fact that 5-HIAA, but not HVA, in the CSF originates to a substantial extent from the spinal cord (Garelis and Sourkes, 1973; Young et al., 1973) ; consequently, mixing during PEG would disturb the 5-HIAA gradient less than that of HVA.
Low ventricular (Papeschi et al., 1972) and lumbar concentrations of HVA (Bernheimer et al., 1966; Barolin and Hornykiewicz, 1967) have been reported in some epileptic patients. This was not the case in our series in either the mixed or the lumbar sample. It is difficult to account for the apparent discrepancy in regard to HVA. However, it should be recalled that half the patients in the series of Barolin and Hornykiewicz (1967) , mainly tumour epilepsies, had normal values.
In contrast with the result with HVA, low 5-HIAA levels were found in both specimens; the difference from controls reached significance for the lumbar fluid (Table 1 ). In the recent study from this laboratory (Papeschi et al., 1972) , three cases of temporal lobe epilepsy had low ventricular 5-HIAA. This finding could not be further evaluated at the time for lack of adequate controls, but the concentrations were much lower than reported ventricular, or even normal cisternal, levels (Moir et al., 1970; Garelis and Sourkes, 1973) . Moreover, preliminary results obtained by Shaywitz et al. (1973) showed a decreased accumulation of 5-HIAA after probenecid in epilepsy.
Epilepsy is not a homogeneous disease. Grouping of all patients with convulsions, regardless of aetiology, localization of the lesion, type and frequency of seizures, or concomitant psychiatric symptoms, may obscure possible associations of the biogenic amines with convulsive disorders. More important, the effect of antiepileptic medication has scarcely been studied. Barolin and Hornykiewicz (1967) provided evidence that low lumbar HVA in some of their patients was not due to the effect of diphenylhydantoin. However, the effect of chronically administered combinations of anticonvulsants on CSF levels of monoamine metabolites is currently unknown. It can be seen from Table 2 that variations in the parameters mentioned above make practically each patient in our group different from the others.
We have no ready explanation for the absence of an increase of concentrations of the acids in the mixed fluid of the patients with BSE. Since most of the serotoninergic neurones are in the brain-stem it might be postulated that 5-HIAA would be low in the mixed sample because of destruction of these neurones. In the lumbar sample, this decrease could be compensated by a contribution from spinal interneurones (Post et al., 1973) . This mechanism, however, should leave HVA unaffected. Some of these patients were probably suffering from multiple sclerosis, but this diagnosis was avoided in the absence of clear-cut recurrent episodes. Low concentrations of HVA and/or 5-HIAA in multiple sclerosis have recently been reported (Johansson et al., 1972) .
The virtual absence of HVA in the two siblings with Kufs disease was an unexpected finding. Although these patients are known to manifest occasionally extrapyramidal symptoms (Sourkes, 1962) , decreased dopamine metabolism has never, to the best of our knowledge, been implicated in any of the lipidoses. Our two patients did not have extrapyramidal symptoms.
The patient suffering from a variant of Niemann-Pick disease also had low HVA in the lumbar sample. But the high level in the mixed fluid suggested that reduced flow of the acid towards the lumbar space, rather than a deficiency in dopamine metabolism was responsible for the low lumbar levels. Although the present data are few in number, the results indicate the need for further studies of dopamine metabolism in the lipidoses.
The possibility of Parkinson's disease in the next patient (Table 1) was raised because of the presence of an obscure tremor of recent onset. Notwithstanding the doubts about the diagnosis, it was not surprising that HVA was normal in this patient, for it has been shown (Papeschi et al., 1972 ) that low HVA levels are particularly correlated with akinesia; this was absent in the present patient.
Concentrations of both acids in the mixed fluid of the schizophrenic patient are the highest in the present series. has reported a case of schizoaffective psychosis with very high levels of both acids and provided evidence for a defective transport mechanism in that case. This possibility can be excluded in our patient because in such a condition, lumbar 5-HIAA would also be high. Low concentrations of 5-HIAA in schizophrenia have been reported (Ashcroft et al., 1966; ) but other investigators were not able to confirm this finding (Persson and Roos, 1969; Rimon et al., 1971) .
The finding that the hydrostatic pressure of the CSF is related to lumbar levels of HVA negatively may seem surprising, as it is known that high intracranial pressure (hydrocephalus) is associated with very high concentrations of both HVA and 5-HIAA. However, this is presumed to result from blockade of the transport mechanism (Andersson and Roos, 1968) . In this study there were no cases with signs of hydrocephalus; the pressure range was within normal limits. Under these conditions, there is no question of an effect on the transport mechanism.
Local hydrostatic pressure is known to affect the flow of CSF (Davson, 1967) . Most of or all the lumbar HVA comes from higher levels via the cisterna magna (Curzon et al., 1971; Garelis and Sourkes, 1973; Post et al., 1973) . Changes in the cisterno-lumbar flow therefore, induced by local variations in pressure, would affect the lumbar levels of HVA. On the other hand, a substantial proportion of 5-HIAA originates in the spinal cord (Garelis and Sourkes, 1973) . Consequently, small variations in CSF flow from the cisterna magna would affect the total lumbar concentrations to a far smaller extent. This could explain the absence of a significant effect of pressure on lumbar levels of 5-HIAA (Table 3) .
One cannot exclude the possibility that higher pressures favour more rapid movement of water from the lumbar CSF compartment and bulk transport of solutes, like HVA, along with it.
On the question of the proportion of 5-HIAA originating in the spinal cord, our original estimate was based on controls selected only on the basis of absence of obstruction of CSF flow (Garelis and Sourkes, 1973 
